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(54) CnOCOB W3rOTOB/lEHHfl rOcDPMPO- 
BAHHOfO CTA/lbHOrO fl/lACTblPff 
(57) CyiMMOcTb M3o6peTeHH*: TepMoo6pa6oTKy 
n/tacTUpa TOKaMM bmcoko* MacTOThi ocymecr- 
8/wk>t nocne ro4>pMpoB3HM». a cMa30Mnwa 
c/io& H8H0CAT nOBTOpHO noc*e OX/13*AeNl4«. 
npeA*araeMfei& cnocoB n03eo/mCT 3a c^er no- 
BbiuieMMJi n/iacTv»*iMUx cboACtb MeTa/ina na- 
AexcHO o6ecneswTt> repMe™3auwK> 
peMOMTHpyeMoro yMaciica cKBa^HW. 1 tad*. 



MaotSpeTeHMe othocwtch k o6pa6oTKC Me- 
ranna a8bjiohv<6m» e MacTHOcm k TexHononw 
MsroroaneHUH ro<t>pMpoa8MHbix Tpy6. 

Ochobmumm onepauMJiMM b TexHonorMMe- 
ckom npouecce HsroToanenwa tohkoctchh^x 
ro<t>pnpoBaMHWX Tpy6 aBiiaetca xonoAMau Ae- 
4>opMau^. HanpHMep aa/ioseMVte m nponanca 
Tpyfc, xwMMHecKa« o5pa6oTica. tepMwmscMi* 
o6pa60TKa chatwr octbtomnwx nanpaxe- 
m*i*« uo3HMKaKH4nx ° peaynbtaire Ae4>opMB- 
U*ivi m npextfvwMpoeaHMa mctoaom HaxaxitM. 

Vl38ectQH cnoco6 W3rOrOBJt€MMJl Tpyfi c 
npoAonbMU'MW roifrpaM* nyreM AayxatanHoro 
<t>opMOB3HM» Tpy6u-aaroTOBKw. npwMSM Ha 
nepaoM 3T*ne ee ro^pwpyioT paAwa/ivHUMM 
ycM/iw»MM. a H8 btopom aTane O6*V»Mai0T B 
npo4>vt/iMpoaaMHoA ao/toice. 

Oa h **° B03Hwxatomne e peay/ibrare 
cjiomho* A^opMauHM ocTarosHbie BanpH*e- 
hh* He a««>7 AOCtaTOMHOW nonepe^MOfc npon- 

HOCTM, M«JTan* CT3HOaMTC« XpyniCMM M 



HenpnroAQH b K3M6CT8e «macTbipa npn peMOH- 
to o6caAHOft KO/IOHMW 8 CKBaXtfHe. 

flu* cHATMfl ocratwHtix Manpp^eHw^iTpy- 
6w noABepraioTTepMWMecKOfl o6pa6oTKe - ot- 
jKwry © ne^ax wna nCO-06 m/i^ TCO-09 « 
nonyneHMfl na TpyBax oioachoA nneMXM. ew- 
noAH5i>oiue« <J>ywKUww noAM330MHoro noKpw- 
tmh w o6naAaio\ueO aoct3TO<jhow 
nopwCTOCTbio n aACop6i;MOHHO^ cnoco6no- 

CYUO K CM83Xe. 

UssecreM Taione cn6co6, npM kotopom 
TOHKOcreHMwe npo<J>M/ibHue rpy6w npaBPT 
pacT»5K6HMeM m pa3A3He« c HarpeeoM Ma 
TpoTepMWMecxoM o6opyAoaeKtiM. CHana/ia za- 
rCToaKy Tpy6w HarpeedK>T toxaMvi 
conpotHDWMwrt ao TQMoepaTypbi oTxura. a 
sareM nooie oxnaxAeHvi« pa3A3»T npw noMO- 
uiw KOHWMecKoA onpaaxw. 

HaAOCtaTOK cnoco6a 38K/ix5MaeTCw a tom. 
hto npvt Ha/io>KeHMM nnacTwpfl H3 HeoToxxen' 

HWX Tpy6 5405KeT ilpOMCXOAWTh P33PUB no 

npCKj>n/ibHO^ oOpa3yK>mert. a npw Ka/io>Kehvii4 
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rmacTwpa wa oTo*>xeMHbix Tpy6 c nocneayKr 

lUUM ro4>pKPOB3MneM MOJKGT RpOHCXOA"Tl, o6~ 

pd3oeaHMe.MMicpoTpeiuMM bo snaAHHax h na 
ewCTynax opoAOAbUbix ro<J>p npu Ae<t>opM3unw 
mx ao uwnwv^APviHecxoM 4>opMU, xorAa ee nnoT- 5 
mo npw*viMaK>T (HaxarbioaiOT) AOpHvipyioiue* 
ronOBxotf * BMyTpeHHev^ noBepxMOCTn o6caA- 
mo* koaohmw. B pe3y/itTare ne o6ecnemiBa- 
erca HaAe*nocTb repMeTwsauwn H3-aa 

HW3KOW nABCTWMHOCTW MeT3An3 rO<t>pwpOB3H- 10 

HOro nnacTupa. 

Ue/ibK) n3o6pereHHfl hbaabtca noewiije- 
Hue HaAe>KMOCTii repMeTM33Uwvi o6ca>KeHMOPi 
cKBaJKMHu nyTeM noBbitueHMR nnacTimMocTw 
MeTanna nnacTwpa. 

CyiuHoctb M3o6peTeHua 3a*nKmaeTCA b 
tom, sto TepMOo6pa6oTKy TOxaMU bmcokom Ma- 
ctotw ocywecTB/iatoT nocne ro<t>pwpooaHHfl. a 

«3aTeM nOBTOpHO HaHOCflT CM330HMbl* CrtO*. 

B peaynbTaie 3H3KonepeMeHHbix Ae$op- 20 
waunfl, KOTOpwM noAoepraeicn wetanna Tpy6 
npw ro$p"p06anvui kax b npouecce M3roroB- 
iteHwa nnactbipetf. Tax m npw pasAase b npo- 
uecce yCT3HOBKVl B CKB3)KVlHaX. npOMCXOAWf 

3naMvrrenbHoe ynpowHemie Meia/ina, npuneM 25 
HawSonbiuwe 3H3weHna ynpOHHeHMv* nptixoA- 
axca Ha enaAwHW ro^pupoBaHHbix Tpy6. 

M3MeMeMiie TaepAOcm (Hv) CTanw MapKM 
10 npu fepMoo6pa6oTxe, ro<t>pwpoeaHMvi m 
pa3Aane rinaCTbipa noKaaaHO b Ta6m*ue. 30 

Vl3Ta6nwuw bwaho. MTOTeepAOCTb MeTan- 
na nnacTbipj* nocne pas^aMM b oBcaAHo* Tpy- 
6e AocwaeT Haw6onuujtix 3HaMeHwfc, ecnn 
nnacTbipb w3roTaenviaanc« w3 HeTepMpo6pa- 
6oTaHHoA Tpy6w. npu vtsroTOBneHUW nnacTW- 35 
pea M3 npeAeapHTenbHO Tept*oo6pa6oTaHHbix 
xpyr/ibix Tpy6 npw ro^pupoeaMvin TaepAOCTb 

MBCKOrlbKO CHM5K36TC8 HO CpaBHeHWK) C H6T6p" 
M0o6pa6OT3HHblMl4 33fOTOBKaMt1. HO nocne 
P33A3MM TBepAOCTb B03paCT3eT HOMTM flp ™* 40 

x6 eenuMMHW; mto m 6es TepMOo6pa6oTKM. no- 
cne re pMwsecKoa o6pa6or*M ro<t>pwpoB3HHwx 
Tpy6 c warpeeoM toksmm bucoko* MacxOTw 
TaepAOCTb mx cHMwaeTC* 3Ha4MTenbHo» a no- 
cne pa3AaHM ona MeHbu/e. mcm y neTepMOo6- 45 

pa60T3HHWX. 

B 'ouiwvie ot neMworo wnw ra30Boro na- 
rpeaa npu o6pa6oTKe saroiOBKn tok3mvi ewco- 
xoa mbctotw npowiocoAMT He3Ha4wTe/ibHoe 
M3MeHemte <J>opmw ee npo<t>Mnn. wa nooepXHo- 50 
crvi Tpy6u o6pa3yeTc« tohxw* cnoa oxanwHU, 
KOTOpwA ne oTcnaweaeTCfl a npouecce Ae<t>op- 
MauwH - oa3AaMM. CMaaoMHw^ cnoA HanocMT- 
cp na BHyrpeHHiOK) noaepxHOCTb 
oTO)K)KeHHUx npoAon bHO-ro<l>pvipo8aHH wx 55 
tpy6 nocne uxoxnaxAeHwa. Oh npeAOxpaw«eT 

BMyTpOHHK)lO flOBepXMOCTb OT KOppOSMOrtHOrO 

p33pyuieHM» a npouecce axcn/iyaTauM* w chm- 
^enMfl oceowx ycwA^M » npouecce pasA^Mvi 
nnacTUpert. 



H p m m e p. J\n* peMonra oGcbahoh k<^ 

m nbl ^HfJMeTpOM 1 46 MM C TOntUWHOM CTeHKM 
8 MM nnaCTblpb W3rOT3BnHfi3K>T M3 TOHXOCTeH- 

mom Tpy6bi A^a^erpoM 130 mm c toaiumhom 
creHKM 3 mm M3 cranw M3pKH 10. flnwHa Tpy6w 
9-11.5 m. 

Ha BHyTpeHHio»o nOaepxHocTb Tpy6w na- 

HOC»T C/JOM rpa4>MTOBOH MAM APyofl CM33KM. 

npeAHa3HaMCHHO^An» cHnx<eHviHyCMnnM ro^ 
pMpoB3HwA. ro<J)pHpoeaH«e UHAMHAP"^eCKO^ 
tpyObt npow3BOA»T Ha cneuvianbHoft ycTanoB- 
xe Mepe3 po/wKoayio ronOBxy c BHyTpeHHew 
npo<t>wAbHOMonpaaxoi?». flo/iyMaeTCs npoAonb- 
HO-ro<t>pvtpOBaHH3» Tpy6a c HapyxHWM A^a- 
MeTpOM 116 mm vt mvicaom ro<t>p 6 unvt 8. 33TeM 

npOM3BOAMTC« PHXT0BK3 fO<J)pVip0BaHH0M Tpy 

Obi nocne oTpesx^ ee na 3aAa«Hyio An^Hy. 

3aTeM npow3BOAHTC« TepMMMecxaR o6pa- 
6oTi<:a npOAonbHo-ro<t>pnpooahHO^ Tpy6w - 
HopManvisauwH c HarpeBOM tok3mm bucokoc* 
MacTotbi na ycTanoaxe BMP 30/6. flpvi 3T0M 
npoAonbHO-ro<t>Pv»PoaaHHa« Tpy6a ycTanaa- 
AMeaeTCfl ropvi30HTanbMO Ha ponwKOBbix ono^ 
pax n c onpeAenenHO^ cxopocTbio 
npoABuiraeTcw wepes mhayktop. 

Oxna^AeHMe Tpy6bi npon3BOAWTc» na 
ao3Ayxe. CMaaxa, xoTopaa 6wna naHeceHa ne- 
peA ro4>pwpoBaHMeM. awropaeT. 

Tax Kax b ckb3>kmhq npu yCTaHoexe nna- 
ctwpk & HHTepeane peMOHia opomsboavitcp 
pa3Aa M ^ nnacTbipa AO xpyrnovi 4>opMbi u npw- 
>KaTM« k cxeHKe o6caA«^ Tpy6w. to npw stom 
B03Hvixaior 6onbuiue KOHTaxTHbie Harpyaxn 
Me>KAy nnacTwpeM m wHCTpyMenroM aa« p33- 
Aasn. £na CHvixeHMft 3Tvix H3rpy30X na BhyT- 
peMHioK) nOBep^HOCTb nnacTwp« h3hocmtcji 

BTOPMHHO CMa30MHblP» CAOti, KOTOpUV^ CAy)KWT 
K8K AAA ChMJKeHMfl yCMAH^I* B03HMX3K>IUViX HpW 

pa3Aa«e nnacTbipw, Tax h Ann npeAOxpaMBHM* 
3toA noeepxHOCTvt ot K0ppo3woHHoro pa3py 
iueHvi5» b npouecce axcnnyaTauvtM. 

CoMeTanne TepMMMecxoi^ o6pa6oTXH nna- 
CTupefl nocne ro^pvipoaaHMfl m H$H^ceHwe 
CMaaoHHoro cnofl Ha BHyTpeHHioio noaewx- 
HOCTb nocne TepMMMecxo^ o6pa5oTXM no3BO- 
aaiot noewcMTb nnacTMMHocTb MeTanna 
cinacTwp o6ecneHMTb 6naroA3P» 3TOMy na- 
AexCHOCTt» repMeTM3auwM peMOHTwpyeMOft 



ct> opMyna M3o6peTeMM» 

Cnoco6 M3roToaneHM« fo^pwpoeaHhofo 
cTsnbHoro nnacTwpn. npewMyiuecTBeHHO An» 
peMOHTa o6ca*eHHo* CK8a>K*^Hbi, axnio^aK)- 
luwfl TepMOo6pa6oTKy 3arOTOft*H. HaneceMwe 
CM330MHoro cno» na BHytpe h h k}k> noeepxhocTb 
aaroTOBXM u ee rcvt>pv*pooaHMe. oTnwMatomMvv 
c a Tew. tfTo. c uenbK) noebiuiCHM» h a aokh octv\ 
repMem3auMn o6ca>xeHMOft CKen^MHw nyreM no^ 
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BUiueHMfl nnacTHMHocT* nerann nnecTwpn. ocymecro^flOT noc*e ro<t>p-pos 3 Hi«i. a aarew 

TepMO 6pft60T K y TOK3MM BblCOKO* N3CTOTU nOBTOPHO HaM0C«TCM830SNblrtc/J0M. 



McxoAHoe coctow- 




Baa o6d86otkm 




Hue MaTcpwana 


Ao ro4>pMpoBaHHfl 


Hoc/ie ro4>pnpo~ 


TepMOo6pa6oTKa 
nocne ro4>pnpoaa: 
mmp (nopManwaa- 
UMfl) c HarpeBOM 

TOKflMW BMCO- 
KO* saCTOTWI 


floc/ie paaA^w 


Be3 TepMOoGpa- 

60TfCM 


t570 


1750 




2020 


CrepMoo5pa6oT- 


1350 


1660 




1966 


6es repMooBpa- 
SOTKW 


1570 


1750 


1350 


1750 



CocTaeMteflb M.PoroxwHa 
PeASicrop H.ryHb KO TexpeAM-MopreHTB/. Koppesrop *.Myc*a 

~ _ s65 — TMpax noAnKCHoe 

BHUVinM roCYflapCTWHHOro K0MWTCT8 HO M3o6peTeMV,*M m org*™** npv, TKHT CCCP 
1 13035. Mockm. X-3S. Payuicww Ha6.. 4/5 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 ram, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 



1749267 
5 

increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 

« 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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